Tifton 81 bermudagrass was harvested and ensiled either directly (D; 32.4% DM) or wilted (W; 44.1% DM). Four treatments applied to each harvesting method were 1) control (C), or no additive; 2) dried cane molasses (M) at 5% of DM, 3) microbial inoculant ( I ; pioneer 1174); and 4) a combination of Treatments 2 and 3 0. Wilting reduced the rate of decline of silage pH (P = .001) and produced silages with greater lactic acid concentrations (P = .069), lower acetic acid (P = .001) and a m m d a contents (P = .001), and greater in vitro OM (IVOMD, P = .001) and ADF digestibilities ( I V A D m , P = .001).
Thus, the objectives of our study were to determine 1) whether addition of cane molasses and(or) a live microbial inoculant at ensiling time improved fermentation characteristics, aerobic stability, and digestibility of bermudagrass silage and 2) whether increasing the DM content of bermudagrass before ensiling would interact with addition of molasses and(or) a live microbial inoculant.
Materials and Methods
Tifton 81 bermudagrass, planted in 1986 in Arredondo soil at the University of Florida Dairy Research Unit, was the forage sowce. The field was staged on April 3, 1989, and on April 21 it received 450 k o a of fertilizer that consisted of 16% N, 4% P205, and 8% K2O. Harvesting took place on June 19, 1989; it was necessary to wait until this date because lack of spring rains had retarded forage growth.
Forage was harvested directly (D) at the late jointing stage of growth to a 5-cm height at 1100 and ensiled with appropriate treatments. At 1300, bermudagrass from the same field was cut without windrowing, wilted (W) for 1 h in the field, windrowed, chopped, and ensiled with appropriate treatments. Each harvesting method received the following four treatments: 1) no additive (controk C); 2) addition of dried cane molasses (M) at 5% of forage DM; 3) microbial inoculation (I)* at 3 X 105 colony-forming units (cfu)/g of DM, and
4) a combination of additives 2 and 3 (MI).
The microbial inoculant consisted of a mixture of Lactobacillus plantarum and Streptococcus fuecium. Total viable bacteria in the inoculum was determined to be 3.6 x 10lo/g by serial dilution and enumeration using MRS (modified deMan, Rogosa, Sharp) mediumg. A microwave oven was used to determine forage DM in order to calculate the amount of molasses and inoculant to mix with the forage. Dried molasses was mixed with bermudagrass in a paddle mixer. Inoculant was mixed with water and sprayed on bermudagrass spread out on plastic sheeting. To avoid contamination, inoculant and inoculated forage were prepared in a barn separate from other treatments. Further, a separate team of workers prepared inoculated treatments. To prepare Treatment 4, molasses was added to bermudagrass before microbial inoculation. After treatment, forages were packed by hand into 19-liter capacity plastic containers lined with two sheets of .025-mm thick plastic. Fourteen silos were made of each treatment, for a total of 112 silos, and stored at ambient temperature under roof. To follow the fermentation pattern over time, duplicate silos of each treatment were o p e d after 1, 2, 3, 5, 16, 58, and 114 d of storage. Representative samples were taken after treatment application, but before ensiling (d 0), and from each silo after opening. All moldy silage found on the surface was discarded before sampling. Approximately 500 g of sample was placed in a plastic bag and stored frozen (-loOC).
After thawing, DM was determined in a forceddraft oven at 55'C for 48 h, after which dried samples were ground in a Wiley m i l l to pass a 2-mm screen. Ash was determined in a muffle furnace at 5 W C for 8 h. Nitrogen was determined according to AOAC (1975) and converted to CP by multiplying by 6.25. Acid detergent fiber and ATXN were determined according to the methods of Goering and Van Soest (1 970).
Further analyses were conducted using methods adapted from Parker (1981). An aqueous extract was obtained by blending 50 g of frozen sample with 225 ml of distilled water for 2 min in a blenderlo and straining the mixture through two layers of cheesecloth. A pH meterll was used to determine pH of the aqueous extract. The extract was stored at -1O'C. After thawing the aqueous extract, ammonia N was measured (Noel and Hambleton, 1976) using an autoanalyzer12. Watersoluble carbohydrates (WSC) were determined by the phenol reaction method (AOAC, 1975) and absorbance read by spectrophotometry 13. Buffering capacity (BC) was determined by the hydrochloric acid-sodium hydroxide method of Playne and McDonald (1966) .
Acetic, butyric, and lactic acid concentrations were determined by gas chromatography. A 10-ml aliquot of the aqueous extract was acidified with 2 ml of 25% ( m o l ) mphosphoric acid, mixed and centrifuged at 37,050 x g for 20 min. Supernatant fluid (1 pl)
was injected into a gas ~hromatograph'~ equipped with an automatic sampler and a flame ionization detector. The packed15 glass chromatographic column was 2 m x 2 mm. peak areas were calculated16. Duplicate samples were compared with external standards, and millimolar concentrations of acetic, propionic, butyric, and lactic acids were calculated. In vitro OM digestibility (IVOMD) and in vitro ADF digestibility (IVADFD) were determined on dried, ground samples from d 16,58, and 114 of fermentation, as well as on the control D and W forages before ensiling. The method described by Moore and Mott (1974) was used to determine IVOMD. In vitro ADF digestibility was determined by the method described by Staples et al. (1985) .
Microbiological samples were processed as outlined by Parker (1981). Immediately after opening, a portion of the fresh silage was placed in an anaerobic chamber17, where 25 g was weighed and placed in a sterile Stomacher bag18, and 225 ml of anaerobic dilution solution was added (Holdeman et al., 1977) . In the anaerobic chamber, a StornacherI9 was used to agitate the mixture for 2 min, so that the microflora associated with the forage were placed in suspension. Serial dilutions up to 1 x l e were made from the extract, and lactic acid bacteria (LAB) were enumerated using MRS medium poured into Petri dishes. A .5-ml aliquot of each 1 x lC3 to 1 x 10-8 serial dilution was plated and incubated at 37°C for 48 h. All manipulations of the samples were conducted in the anaerobic chamber using a 95% cO2:5% H2 environment. Characterhation of lactic acid bacteria was made by Pioneer Hi-Bred International (Johnston, IA) following the procedure outlined by Harrison et al. (1989) . Plasmid profiling (HiU and H i l l , 1986) was used to determine percentages of homofermentative lactobacilli that were derived from the inoculant.
Samples taken from d 16, 58, and 114 were used in an aerobic stability study. A mixture of ground corn, soybean meal, and distillers grains was mixed with 300 g of silage on an equal DM basis to simulate a totally mixed 14MOdeI 589Oa. Hewlett-Packard, Avondale, FA.
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''Large capacity, Tekmar Inc., Cincinnati, OH. 19MOdel STD-400, Tekmar Inc., Cincinnati, OH. ration. After mixing, samples were placed in separate polystyrene containers and covered. Thermometers were inserted through the lids so that thermometer bulbs were covered with feed. Another set of silage samples was prepared in the same way without the concentrate mixture. Polystyrene boxes were placed in an incubation oven at 37'C for 3 d and temperatures recorded at 0, 2, 4, 6, 8, 18, 20, 22, 24,26, 30,40, 46, 50, 55, 68, and 72 h of incubation. Yeast and molds were enumerated from the samples that did not contain concentrate. A 25-g subsample from the silage in the polystyrene boxes was removed at 0, 12, 24, 48, and 72 h of incubation. Subsamples were placed in a Stomacher bag and agitated for 2 min. serial dilutions up to 1 x 10-7 were made from the extract. One-milliliter aliquots from each 1 x 10-4 to 1 x lC7 dilution were streakplated aerobically in duplicate on Rose bengal agar plates9 with 4% (wt/vol) streptomycin.
The fermentation experiment was arranged as a 2 x 4 x 8 factorial: two harvesting methods (D and W) and four additives (C, M, I and MI) across eight fermentation times (0, 1, 2, 3, 5, 16, 58, and 114 d). Each combination of harvest x additives x day was duplicated, for a total of 128 samples (1 12 laboratory silos plus 16 samples for d 0). Statistical analysis was by least squares ANOVA using the GL. M procedure of SAS (1985).
The mathematical model for the fermentation study was as follows: The mathematical model for the aerobic stability study included the addition of hour as a main effect (&J to the previous model, along with corresponding interactions. The error term used to test main effects and interactions was the effect of silo within harvest, additive, and day category for the fermentation study (QPph)ijkl), or silo within harvest, additive, day, and hour category for the aerobic stability study (QVPWijwh). Orthogonal contrasts used to compare additives were 1) C vs additives (additives = the s u m of the effects of M, I, and MI); 2) M vs I, and 3) M + I vs MI. Orthogonal contrasts also were used to test linear, quadratic, and cubic effects of days of fermentation.
Only significant (P c .OS) effects thought to be biologically important are discussed. Although not shown, data were plotted when two-way and three-way interactions were significant (P < .05) to aid in interpretation of results. (Table l) , indicating a faster pH drop for D silages (harvest x day interaction, P = .001), thereby potentially increasing the amount of nutrients and energy preserved in the bermudagrass (Muck, 1988) . Final pH (d 58 and 114) was greater for W silage by about .1 pH unit.
Results

Dry
Additives were more effective in lowering pH below those of C silages when mixed with W (4.71 vs 4.93) than with D (4.52 vs 4.57) bermudagrass (harvest x C vs additives interaction, P = ,001). The pH of C silages decreased more slowly than did pH of silages receiving additives when the bermudagrass was wilted than when it was cut directly Crude Protein, Ammonia and Acid Detergent Insoluble Nitrogen. Mean CP concentrations did not differ between D and W silages pable 2); however, CP content changed differently between D and W silages with length of storage (harvest x day interaction, P = .001). The most dramatic change was a sharp decrease from a mean of 10.0% on d 58 to 6.8% on d 114 for D silages, whereas W silages showed greater stability because mean CP content changed little between d 58 and 114.
Ammonia content rose as days of storage increased for all silages, indicating possible proteolytic and deaminative activity. Ammonia made up 19% of total N in D silage on d 114 but only 8.2% of total N in W silage ( 9.7 9.7 10.1 9.7 9.8 9.6 9.0 9.0 9.1 9.2 9.5 2 9.8 9.7 9.6 9.7 9.7 9.6 9.4 9.4 9.2 9.4 9.6 3 9.6 10.2 9.7 9.7 9.8 10.7 9.4 9.5 9.5 9.8 9.8 5 9.9 10.2 9.8 9.7 9.9 10.0 9.5 9.6 10.0 9.8 9.8 16 9.7 10.0 9.9 9.8 9.9 10.3 9.5 9.6 9.4 9.7 9.8 58 10.3 9.4 10.3 10.2 10.0 9.8 9.8 9.4 9.5 9.6 9.8 114 7.3 6.6 6.6 6.8 6.8 9.4 9.7 9.4 9.4 9.5 8.2 Mean 9.5 9.3 9.5 9.3 9.4 9.8 9.4 9.4 9. Acid detergent insoluble nitrogen was low in all silages (< .20% of DM, < 2% of CP), and no appreciable differences could be attributed to treatments or days of fermentation.
Water-Soluble Carbohydrates. Wilted bermudagrass contained greater concentrations of WSC than did D silages (harvest, P = .001; Table 4 -"Significant effem thought to be biologica~y important are discussed in the text. bStandard error of the means: harvest = .1, additives = .1, harvest x additives = 2, day = .2, harvest x day = .3, additives x day = .4, and harvest x additives x day = .6. bStandard err01 of themeans: harvest = .05, additives = .07, harvest x additives = .lo, day = .lo, harvest x day = .14, additives x day = .19. and harvest x additives x day = .27. .001). Aerobic Stability. Deterioration of silage after it has been exposed to air can be monitored by the increase in temperature, pH, and yeast and mold numbers (Henderson et al., 1979) . Table 11 does not show hourly temperature changes for additive treatments across harvest method and days because main interaction effects of additive x hour, harvest x additive x hour, and day x harvest x additive x hour were not significant. Average temperatures of silage-concentrate mixtures over 72 h of exposure to air decreased with increasing storage time (40.3, 39.8, and 36.4"C for storage d 16, 58, and 114, respectively; day quadratic, P = 405, Table 11 ). Wilted silages had greater mean temperatures than did D silages (39.2 vs 38.4'C; harvest, P = .OOl), but 
-
Significant effects thought to be biologically important are discussed in the text. bStandard error of the means for IVOMD: harvest = 2, additives = .2, harvest x additives = .3, day = 2, harvest X 'Standard error of the means for IVADFD: harvest = .4, additives = .6, harvest x additives = .8, day = .5, harvest X day = .3, additives x day = .4, and harvest x additives x day = .6. day = .7, additives x day = 1.0, and harvest x additives x day = 1.4.
other effects were observed when day was taken into account. On d 16, D silages had greater average temperatures than did W silages (41.3 vs 40.3'C). but on d 58 and 114, W silages averaged greater temperature than did D silages (41.3 and 37.1 vs 38.3 and 35.7'C; harvest x day interaction, P = .001). Additives were effective in keeping temperatures lower than in control D silages (38.2 vs 39.loC), whereas additives increased temperatures above that of control W silages (39.4 vs 38.6'C. harvest x control vs additives interaction, P = .OlO). Treatment MI lowered temperatures below those of M and I treatments when added to D silage (37.5 vs 38.6'C). but not when added to W silage (39.3 vs 39.5-C; harvest x MI vs M + I interaction, P = .010). Yeast and mold counts decreased with increasing fermentation time (1.5 x107, 5.4 x 106, and 2.4 x lo6 cfu/g fresh weight for d 16, 58, and 114 of storage; day, P = .001, Table   12 ). Wilted silages resulted in more yeast and mold counts than D silages did (9.1 x lo6 vs 6.3 x lo6 du/g fresh weight; harvest, P = .001). Treatment I had lower yeast and mold counts than M treatment did when added to W silages (6.7 x lo6 vs 1.2 x lo7 cfu/g fresh weight), but not when added to D silages (4.8 x lo6 vs. 4.8 x 106 cfu/g fresh weight; harvest x M vs I, P = .002). Treatment MI resulted in greater yeast and mold counts than M and I alone in D silages (9.7 x lo6 vs. 4.8 x lo6 cfu/ g fresh weight), whereas for W silages, no difference was observed (9.0 x lo6 vs 9.4 x 106 cfu/g fresh weight; harvest x MI vs M + I, P = .001).
Discussion
Harvest Method
Dry matter of D bermudagrass was similar to the 31.9 and 34.7% reported by Miller et al. (1967) for unwilted Coastal bermudagrass over a 2-yr period. As expected, 1 h of wilting increased DM by 12 percentage units. Based on results of several trials at the University of Florida, Kunkle et al. (1988) found that it took 1 to 2 h of wilting to raise the DM from an initial 25% to 35 to 40%, and 2.5 to 4 h from bermudagrass. High DM reduces activity of bacteria in silage and reduces the role that acids play in successful preservation (Woolford, 1984) . Clostridial activity at a forage DM 25% to 45 to 50% of 5-to 6-wk regrowth concentration of 35 to 40% is reduced greatly or delayed, thereby allowing time for LAB to produce enough lactic acid to stabilize the silage wetter and Von Glan, 1978; Woolford, 1984) . As a result of reduced microbial activity in W silages, fermentation products (lactic acid and VFA) are reduced, final pH is greater, and concentration of WSC increases (McDonald, 1981) . In our study, reducing forage moisture by wilting before chopping decreased activity of microorganisms present in the forage on d 0. Despite similar initial LAB counts, W silages had a slower rate of increase of lactic and acetic acids, a slower rate of decrease in pH, and more WSC by the end of the fermentation than did D silages.
Different patterns and types of fermentation were observed in D and W bermudagrasses after ensiling. Fermentation of D forage was more extensive, as evidenced by lesser WSC and greater organic acid concentrations (acetic + lactic + butyric) at the end of the study. Catchpoole and Williams (1969) found that most subtropical grass silages stabilized after an acetic acid-rather than a lactic aciddominated fermentation. Directcut silages had high concentrations of acetic acid, but they were not stable, and could be classified as silages in which high clostridial activity can occur. The effect of this type of fermentation could translate to lower DMI and animal production, because Willcins et al. (1971) found that acetate concentrations were related negatively to feed intake. Bates et al. (1989) found that wilted (35 to 50% DM) bermudagrass round-bale silage resulted in increased voluntary DMI and supported greater rates of gain by heifers than by heifers consuming round-bale silage made at 25 to 30% DM.
lndications that D silage changed in quality with time were the appearance of butyric acid on d 58, the major decrease in CP concentra- aSignificant effects thought to be biologically important are discussed m the text. bStandard error of the means: harvest = .l, additives = .l. harvest x additives = .8, day = .l, harvest x day = .I, additives x day = .2, hour = .2, harvest x hour = .3, day x horn = .4, h e s t x additives x day = .3, and additives x day x hour = .8. tion at d 114, and the substantial increase in ammonia concentration on d 114. A lack of stable pH (increase observed after a low at d 16) may have allowed the growth of proteolytic clostridia, which resulted in elevated ammonia concentrations. However, aerobic stability was slightly better for D than for W silages, as indicated by lower temperatures and lower yeast and mold counts for D than for W silages. These results could be expected because extent of aerobic deterioration is reduced by high concentrations of ammonia (Henderson et al., 1979) and butyric and propionic acids (Ohyama et al., 1975) . The fact that better fermentation usually does not mean good aerobic stability creates a problem. Attempts to choose harvest practices or silage additives that increase the bunk life of the silage and improve the fermentation efficiency of the forage seem to be antagonistic to production of highquality silage.
Fermentation of W forage was dominated by production of lactic acid rather than by acetic acid. Lactic acid is preferred over other silage fermentation acids because it has a lower dissociation constant @Ka = 3.86); therefore, it is the major organic acid responsible for decreasing silage pH. Rate of lactic acid accumulation was slow but steady, peaking between 3 and 4.2% of DM. A minimum concentration of 3% is thought to be indicative of goodquality silage (McDonald, 1981) . Low ammonia concentrations (< 10% of total N) and no butyric acid present in W silages were Significant effects thought to be biologically importaut are discussed in the text bStandard error of the means: harvest = 3.8E+5. additives = 5.4E+5, harvest x additives = 7.6E+5, day = 4.7E+5, harvest x day = 6.6E+5, additives x day = 9.4E+5, hour = 6.0E+5, harvest x hour = 8.5E+5, additives x hour = 1.2E+6, day X hour = 1.OE+6, harvest x additives x day = 1.3E+6, harvest x additives x hour = 1.7E+6, additives x day x hour = 2.1E+6, and harvest x additives x day x hour = 3.0E+6.
?2.7E+3 = 2.7 x Id; applies to other least squares means and SE.
evidence of good fermentation and good quality. These results are consistent with those of Rodriguez et al. (1989) , in which fermentation and silage quality of kingrass (Pennisetum purpureum x Pennisetum typhoides) were greater when it was ensiled at 39.8 and 30.1% DM than at 19.3% DM. They also found that butyric acid content (% of DM) of kingrass silage decreased from 1.3 to .21 and .04%, and ammonia content (% of total N) decreased from 18.6 to 13.4 and 9.1%, when DM of kingrass before ensiling increased from 19.3 to 30.1 and 39.8%, respectively.
Comparing the IVOMD and IVADFD of preensiled W forage (48.9 and 41.7%) to W silages (49.4 and 45.5%) suggests an improvement in digestibility as a result of the ensiling process and(or) addition of additives. This result could be made possible by the action of silage microorganisms on structural carbohydrates, making plant OM and ADF more available to ruminal microorganisms. Wilting increased average IVOhfD and IVADFD by 1.5 and 3.7 percentage units, respectively, results that are similar to those obtained by Glenn (1990) with high-(43.4%) and low-(20.6%) DM alfalfa silages. In that study, DM and ADF digestibilities of high-DM alfalfa silage by Holstein heifers were 8.1 and 5.4 percentage units greater, respectively, than for low-DM silage.
ET AL.
Additives
Additives as a group improved fermentation of W forage. Use of additives with W forage resulted in both greater mean lactic acid contents and IVOMD.
Molasses was primarily responsible for improving quality of D silages and was the treatment that produced the highestquality D silage. Molasses-treated forage had the greatest lactic acid concentration, least pH, and greatest IVOMD. These results are consistent with results of other experiments (Salsbury et al., 1949; Andrews and Stob, 1958; Becker et al., 1970) in which molasses addition to grasses and legumes resulted in silage with lower pH, increased lactic acid concentration, and(or) increased DMI. Although not tested statistically, adding both M and I to D silage did not seem to improve fermentation as much as did M treatment alone.
Quality of W silages receiving either M or I were similar and seemed to be superior to C silages (lower mean pH and greater lactic acid contents). However, M addition to W resulted in lower IVADFD and greater mold and yeast counts than did addition of I.
The combination MI had an additive effect over M and I alone when mixed with W forage, but not with D forage. This additive effect was demonstrated in a lower pH, lower mean acetic acid, and greater mean lactic acid concentrations, faster increase in lactic acid content, and greater IVOMD. Hence, providing substrate along with LAB to a forage environment less conducive to bacterial activity proved beneficial.
lrnpllcatlons
Benefits of wilting before ensiling are significant for bermudagrass. Wilting bermudagrass resulted in silages with good fermentation characteristics, although better fermentation meant lower aerobic stability. All directcut silages went through a less than satisfactory fermentation. In addition to wilting, use of a microbial inoculant or molasses further improved fermentation and quality of silage, although inoculation tended to be better than molasses in wilted silages. Application of molasses and inoculant to wilted bermudagrass had an additive effect and produced stable silages having the least pH, least concentration of ammonia, and greatest lactic acid concentration and in vitro organic matter digestibility.
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